The TAFs are transcription factors associated with the TATA-binding protein, and until recently they were assumed to link specific activators to the general transcription machinery. Recent results suggest that the essential functions of TAFs are not as coactivators of transcription but as determinants of promoter selectivity. The regulated transcription of genes by RNA polymerase II requires two distinct sets of factors. Members of one set are gene-specific and bind to promoters containing specific target sequences (reviewed in [1, 2] ). These factors either enhance or repress the rate of transcription in response to environmental signals. In contrast, the second set of factors are general transcription factors, required for the accurate initiation of most, and perhaps all, genes transcribed by RNA polymerase II. This second set includes TFIIA, TFIIB, TFIID, TFIIE, TFIIF and TFIIH; these factors are sufficient to produce basal-level transcription in vitro in the absence of promoter-specific stimulation (reviewed in [3, 4] ). Assembly of the transcription preinitiation complex made up of these general factors is nucleated by TFIID; TFIID itself is composed of TBP, which binds the consensus sequence TATA, and TBPassociated factors or TAFs (reviewed in [5] ). The mechanisms by which gene-specific factors interact with the general factors to modulate RNA synthesis are the subject of intense investigation and are critical for understanding cell growth and proliferation.
The regulated transcription of genes by RNA polymerase II requires two distinct sets of factors. Members of one set are gene-specific and bind to promoters containing specific target sequences (reviewed in [1, 2] ). These factors either enhance or repress the rate of transcription in response to environmental signals. In contrast, the second set of factors are general transcription factors, required for the accurate initiation of most, and perhaps all, genes transcribed by RNA polymerase II. This second set includes TFIIA, TFIIB, TFIID, TFIIE, TFIIF and TFIIH; these factors are sufficient to produce basal-level transcription in vitro in the absence of promoter-specific stimulation (reviewed in [3, 4] ). Assembly of the transcription preinitiation complex made up of these general factors is nucleated by TFIID; TFIID itself is composed of TBP, which binds the consensus sequence TATA, and TBPassociated factors or TAFs (reviewed in [5] ). The mechanisms by which gene-specific factors interact with the general factors to modulate RNA synthesis are the subject of intense investigation and are critical for understanding cell growth and proliferation.
A breakthrough in understanding the communication between activator molecules and the basal transcription machinery followed the finding by Tjian and colleagues (reviewed in [6] ) that TBP, although sufficient for basallevel transcription, failed to support activated transcription in experimental systems derived from metazoan cells. Rather, activated transcription required the TFIID holocomplex. This led to the hypothesis that TAFs function as requisite 'coactivators', mediating the interaction between activators and the general transcription machinery (reviewed in [6] ). This hypothesis predicts that TAFs interact directly both with the activation domains of specific activators and with general transcription factors.
Indeed, specific TAFs have been shown to interact with both activators and general transcription factors (reviewed in [5, 6] ), and there are no reported cases of transcriptional activation in higher eukaryotic systems in vitro in the absence of TFIID (with the exception of the TAT activator encoded by the human immunodeficiency virus).
The same general factors are required for transcription in cell-free systems derived from both metazoan and yeast cells. Furthermore, comparisons among these factors have revealed extraordinary structural conservation. Only TFIID appeared to be an anomaly: whereas TBP isolated from mammalian and Drosophila cells was part of a tight complex with TAFs, yeast TBP was purified in monomeric form (reviewed in [5] ). Subsequent immunoprecipitation experiments revealed that yeast TBP does exist in complexes with other polypeptides [7] . The cloning and characterization of these other proteins showed that some were TAFs specific to TFIID, and that others were components of different TBP-TAF complexes [8, 9] . These results opened the door to determining the role of TAFs in vivo.
Earlier results had suggested that TAFs might not be critical for activated transcription in yeast cell-free systems. A reconstituted yeast cell-free transcription system was developed that required the yeast counterparts of metazoan general factors for transcription (reviewed in [10] ). As was the case for the metazoan cell-free systems, TBP was both necessary and sufficient for basal-level transcription. However, activated transcription in metazoan systems displays a strict requirement for TAFs as well as for other coactivator activities, whereas activated transcription in yeast requires a 'mediator' complex that is distinct from TFIID (reviewed in [10] ). The mediator is a component of a large RNA polymerase II complex and is apparently devoid of TAFs [11] .
Transcriptional activation in the absence of TAFs provides one apparent distinction between the yeast and higher eukaryotic in vitro systems. What, then, is the role of yeast TAFs in vivo? One approach to this question is to characterize the effect of TAF mutations in yeast. As was the case for the yeast genes encoding the general transcription factors, all TAF-encoding genes, with the exception of TFG3, which encodes TAFII30, are essential for cell viability. Remarkably, however, two recent studies from the Green [12] and Struhl [13] laboratories provide compelling evidence that transcriptional activation can occur in yeast in the absence of TAFs. Three different strategies were used to deplete cells of TAFs. In one study, TAFs were depleted either by shifting temperature-sensitive TAF mutants (with defects in TAFII145 and TAFII150) to the non-permissive temperature, or by expressing TAF genes under the control of the glucose-repressible GAL promoter under repressing conditions [12] . In the other study, TAFs were depleted both by repression of TAF gene expression and by induced degradation of pre-existing TAF proteins [13] . The depletion of TAFs to less than 5 % of their normal level -estimated to result in less than 300 TAF molecules per cell -resulted in the rapid cessation of cell growth, as expected for the depletion of the products of essential genes. Strikingly, however, TAF depletion did not eliminate transcriptional activation of actively transcribed genes or of genes that were induced subsequent to TAF depletion. As expected, the depletion of TBP, TFIIB or the largest subunit of RNA polymerase II rapidly diminished activation. The two studies examined several TAFs, eliminating the concern that the failure to abolish transcriptional activation might be specific to a particular TAF. Moreover, depletion of TAFII145, the homologue of metazoan TAFII250 which is required for the formation of the TFIID complex, diminished the levels of the other TAF proteins without affecting activation.
These results led to the conclusion that TAFs are not generally required for transcriptional activation in yeast. How is this conclusion to be reconciled with the premise that TAFs are requisite coactivators of transcription in higher eukaryotes? One concern is potential functional redundancy among the TAFs -the coactivator function of one TAF might be compensated for by another. This seems unlikely as the depletion of TAFII145 appeared to diminish the entire TFIID complex. Another potential concern is that the studies of living yeast cells simply looked at the wrong genes. However, the activated expression of several different classes of genes were looked at in the two studies, including genes that lacked the canonical TATA motif in their promoter regions. Interestingly, this latter group of genes appears to be the exception, in that their activation was found to be dependent upon TAFII19 and TAFII130.
Rather than a role in coactivation, might the essential function of TAFs be the recognition of promoters that lack a canonical TATA motif? This possibility is supported by the finding that TFIID, but not TBP, is able to discriminate among distinct core promoters [14, 15] , and by the finding that Drosophila TAFII150 binds specifically to sequences around the transcription start site [16] . Accordingly, the requirement for TAFII19 and TAFII130 for the activation of yeast promoters that lack the TATA motif might reflect a role for these TAFs in promoter selectivity and the nucleation of a functional preinitiation complex. It is therefore possible that TFIID evolved not as a factor containing coactivator functions, but as a factor involved in promoter recognition, be it the TATA element through TBP, or other promoter elements through the TAFs.
Although it was generally assumed that TAFs are required for transcriptional activation in vivo, there is no direct support for this assumption. The first human TAF gene to be cloned was identified as CCG1, whose product, TAFII250, is required for passage through the G1 phase of the cell cycle [17] . It was subsequently demonstrated that a CCG1/TAFII250 mutant was defective in transcriptional activation of the cell-cycle-regulated cyclin A promoter, but there was no effect on transcription from the c-fos promoter [18] . A logical interpretation of these results is that overall transcription is unaffected in this mutant, but that the activation of a subset of genes required for cell-cycle progression is impaired. Although confirming the importance of TAFs in vivo, these results do not establish a general requirement for TAFs in the activation of transcription. In agreement with these observations, Green and coworkers [12, 19] found that conditional defects in three different TAFs (TAFII90, TAFII145 and TAFII150) blocked progression through two different stages of the yeast cell cycle. Thus, in higher eukaryotes as well as in yeast, TAFs appear to play a critical role in progression through the cell cycle, probably by affecting the regulation of specific genes.
Taken together, these results support the conclusion that TAFs are not generally required for regulated transcription in vivo. In this sense, there appears to be no discrepancy between the requirement for TAFs in yeast and metazoan Dispatch R45
Figure 1
The essential difference between the requirements for transcriptional activation in metazoan (HeLa) and yeast (Saccharomyces cerevisiae) cell-free systems. Nearly identical purification procedures are used to isolate core RNA polymerase II (RNAPII) and the 'mediator' complex from the two systems. Whereas TBP, along with the other general transcription factors (GTFs) and mediator are sufficient for transcriptional activation in the yeast system, activation using analogous components from the HeLa (or other metazoan-derived) systems is absolutely dependent upon TFIID. cells. The main controversy seems to reside in the studies in vitro: yeast cell-free transcription systems are not dependent upon TAFs, whereas all metazoan cell-free systems described to date are critically dependent upon TAFs for transcriptional activation.
The cast of characters, including TAFs, and the fundamental mechanism of transcription initiation, appear to be remarkably conserved between yeast and higher eukaryotes. Both systems require all of the components of the basal transcription machinery as well as a mediator complex other than TFIID. The distinction in TAF requirement is found despite the almost identical experimental approaches that have been used to assay transcriptional activation in vitro (Fig. 1) [11, 20, 21] . This might represent a fundamental distinction between the functions of TAFs in yeast and metazoan systems. (As a cautionary note, the absence of TAFs from the mediator complex has not been unequivocally demonstrated.) It is possible that the mechanism of gene regulation in higher eukaryotes has acquired additional complexity as a result of the larger number of genes that need to be regulated: yeast contain approximately 6 000 genes, compared with approximately 100 000 genes in human cells. More importantly, the activation of metazoan genes responds to developmental as well as physiological signals, whereas yeast genes respond primarily to physiological cues.
We hypothesize that TAFs evolved to serve a critical function in transcription, perhaps mediating alternative pathways of promoter recognition that are independent of the TATA motif. In higher eukaryotes, however, TAFs have evolved to acquire a more strict coactivator function in response to the increased requirement for expression and regulation of more complex genomes. This acquired function then became imprinted in metazoan organisms such that TAFs also serve a critical function in activation of transcription.
